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Objective: To predict spinal cord ischemia after endovascular stent graft
repair of descending thoracic aortic aneurysms, temporary interruption of
the intercostal arteries (including the aneurysm) was performed by place-
ment of a novel retrievable stent graft (Retriever) in the aorta under evoked
spinal cord potential monitoring. Methods: From February 1995 to October
1997, endovascular stent graft repair of descending thoracic aortic aneu-
rysms was performed in 49 patients after informed consent was obtained.
In 16 patients with aneurysms located in the middle and distal segment of
the descending aorta, the Retriever was placed temporarily before stent
graft deployment. The Retriever consisted of two units of self-expanding
zigzag stents connected in tandem with stainless steel struts. Each strut was
collected in a bundle fixed to a pushing rod, and the stent framework was
lined with an expanded polytetrafluoroethylene sheet. The Retriever was
delivered beyond the aneurysm through a sheath and was retracted into the
sheath 20 minutes later. A stent graft for permanent use was deployed in
patients whose predeployment test results with the Retriever were favor-
able. Evoked spinal cord potential was monitored throughout placement of
the Retriever and stent grafting until the next day. Results: The Retriever
was placed in 17 aneurysms in 16 patients. There were no changes in
amplitude or latency of evoked spinal cord potential records obtained
before or during Retriever placement. After withdrawal of the Retriever, all
aneurysms were excluded from circulation immediately after permanent
stent grafting. There were no changes in evoked spinal cord potential, nor
were neurologic deficits seen after stent graft deployment in any patient.
Conclusions: These results suggest that predeployment testing with the
Retriever under evoked spinal cord potential monitoring is promising as a
predictor of spinal cord ischemia in candidates for stent graft repair of
thoracic aortic aneurysms. (J Thorac Cardiovasc Surg 1998;115:811-8)
Because of the increase in the number of elderlypersons, there has been a great growth in cardio-
vascular diseases associated with arteriosclerosis,
drastically increasing the need for prevention and
treatment. Thoracic aortic aneurysm, which is gen-
erally caused by sclerotic degeneration, is a life-
threatening disease. Surgical replacement of the
aorta with a prosthetic vascular graft followed by
resection of the aneurysm is the most common
procedure to prevent fatal rupture, because the
long-term prognosis of conservatively treated pa-
tients is poor. Although there have been remarkable
improvements in the results of surgery for descend-
ing thoracic aortic aneurysm as a result of technical
advances, progress in assist procedures, and ad-
vanced prosthetic grafts, the operative mortality rate
remains 4% to 12%, even at institutions with exten-
sive experience.1, 2 It is clear that unsatisfactory
results of aortic surgery can be caused by organ
malfunction (cerebrovascular, coronary, or renal
artery disturbances) associated with arteriosclerosis.
Furthermore, other inflammatory diseases involving
the aorta present unavoidable surgical risks for
aneurysm management. Consequently, minimally
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invasive surgery is expected to enable successful
treatment of patients at high risk.
Since the first clinical experience of endovascular
stent graft repair of abdominal aortic aneurysm was
reported by Parodi and colleagues3 in 1991, endo-
vascular surgical treatment of aortic aneurysms with
stent grafts has attracted attention as a minimally
invasive alternative to conventional open operation.
In 1992, catheter-based stent graft repair of de-
scending thoracic aortic aneurysm was performed by
the Stanford group.4 They used a self-expanding
V-shaped stainless-steel stent covered with woven
polyester fabric graft that was delivered to the target
region through a 26F polytetrafluoroethylene
(PTFE) delivery sheath catheter placed in the lu-
men of the aneurysm. Decompression of the aneu-
rysmal sac and reconstruction of the aorta were
simultaneously achieved immediately after deploy-
ment of the stent graft, which expanded itself at both
the proximal and distal necks of the aneurysm.
Mitchell and associates5 reported complete throm-
botic sealing in 39 of 44 thoracic aortic aneurysms
(88%) operated on during a 34-month period. How-
ever, there are several unsolved issues concerning
not only serious anatomic circumstances, such as
sclerotic occlusive changes or tortuosity of the aor-
tofemoral route for delivery devices and character-
istic curves present in the distal aortic arch where
meticulously precise deployment of the stent graft is
essential, but also concerning the occlusion as a
result of stent graft deployment of tributaries for the
spinal column located near the aneurysm. In partic-
ular, stent grafts tend to overlie intercostal arteries
in aneurysms of the middle and distal descending
aorta, consequently inducing spinal cord ischemia
and occasionally resulting in paraplegia.
The purpose of this clinical study was to try to
predict spinal cord ischemia after endovascular stent
graft repair of descending thoracic aortic aneurysms,
especially those located in the middle and distal
segment. Evoked spinal cord potential (ESCP) mon-
itoring was used during temporary interruption of
intercostal arteries including the aneurysm by place-
ment of a novel retrievable stent graft device, the
Retriever.
Patients and methods
After approval of the Ethics Committee of Tokyo
Medical College and informed consent were obtained,
endovascular stent graft repair of descending thoracic
aortic aneurysm was performed on 49 patients between
February 1995 and October 1997. There were 44 men and
five women with an average age of 68 years (range 23 to 78
years). Morphologic studies revealed true aneurysm in 23
patients, chronic aortic dissection in 18 patients, and
pseudoaneurysm in eight patients (four inflammatory and
four traumatic). In 16 patients with aneurysm located
either at T-8 or below or that in T-6 or below extending
over T-8 (nine true, two inflammatory, and five dissec-
tion), a novel retrievable stent graft, the Retriever, was
placed temporarily (for at least 20 minutes) under ESCP
monitoring before permanent stent graft deployment.
Our retrievable stent graft was developed by a modifi-
cation of the self-expanding stainless-steel Gianturco Z
stent.6 All wires were 0.4 mm stainless steel (Fig. 1). The
basic framework of the sea anchor–shaped stent consisted
of nine stainless longitudinal steel struts connected at two
sections by two sets of cylindric zigzag self-expanding
V-shaped wires with nine bends per set. The length of the
V-shaped wires was 25 mm and the expanded diameter
varied from 30 to 36 mm. Lining fabric extended from the
distal tips of the proximal set of wires, covering the 55 mm
interval between the two bands of zigzag steel wire (the
portion of the struts connecting the proximal and distal
sets of wires) and the 25 mm distance to the tips of the
distal set of V-shaped wires. The overall length of the
fabric was 80 mm. The entire structure was collected in a
bundle and connected to the pushing rod. The stent fabric,
expanded PTFE sheet* 0.1 mm in thickness, was attached
by 5-0 polypropylene sutures.
*Gore-Tex sheet, registered trademark of W. L. Gore & Associ-
ates, Inc., Newark, Del.
Fig. 1. The expanded Retriever. A, Proximal set of Z stent; B, distal set of Z stent; C, strut; D, expanded
PTFE sheet; E, pushing rod.
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With the patient under general anesthesia, the femoral
artery was surgically exposed. After administration of
heparin at 50 to 100 U/kg body weight, a 300 cm guide
wire was introduced through the right brachial artery,
moved across the aortic arch through the brachiocephalic
artery, and inserted downstream to the femoral artery.
The distal end of the wire was caught at the femoral artery
cutdown. The guide wire was kept under continuous strain
by traction at both ends of brachial and femoral access to
overcome any possible tortuosity of the aortofemoral
Fig. 2. A, Digital subtraction angiography of nonspecific inflammatory aneurysm located in the distal
segments of the descending thoracic aorta in patient 2. B, Retriever placed through the aneurysm extending
above and below it. C, Retriever retracted into a sheath after predeployment test for 21 minutes.
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route when advancing the catheter (“tug of wire” meth-
od). An 18F PTFE sheath was introduced into the de-
scending thoracic aorta over the guide wire with the tug of
wire technique. After the proper position at which the
permanent stent graft should be deployed was determined
by perioperative angiography, the Retriever was com-
pressed into and pushed to the end of a sheath by the
pushing rod. When the Retriever was released from the
sheath, it was allowed to expand by withdrawing the
sheath while the pushing rod was held at the same
position. The Retriever was placed in the aneurysm,
extending to both cephalic and caudal necks, for at least
20 minutes and then retracted into the sheath by pulling
on the pushing rod (Fig. 2).
The stent graft for permanent use was constructed of a
self-expanding Gianturco Z stent (GZV; Cook Inc., Bjae-
verskov, Denmark) covered with a seamless tube graft of
ultrathin-wall woven polyester fabric 0.1 mm in thickness
(Intervascular Inc., Clearwater, Fla.; Fig. 3). In patients in
whom the temporary predeployment test by the Retriever
was successful, permanent stent graft deployment was
undertaken with nearly the same procedure described
previously. Before expansion of the stent graft in the
aorta, mean arterial pressure was decreased to approxi-
mately 70 mm Hg through deep anesthesia and nifedipine
administration.
ESCP monitoring was performed with a Neuropack
System (MEB-5304; Nihon Kohden, Tokyo, Japan) ac-
cording to the direct spinal cord stimulation method
reported by Matsui and coworkers.7 In brief, two sets of
five polar electrodes(IMC-KG-105; Inter Medical,
Nagoya, Japan) were placed in the epidural space at the
level of T-12 to L-1 for electrical stimulation and C-7 to
T-1 for potential recording the day before the stent graft
operation. A current pulse of 0.2 msec duration with 2 Hz
frequency stimulation was applied with less than 5 mA
intensity. The evoked potentials were averaged 50 times to
eliminate electrical noise. Amplitude and latency of ESCP
were measured before and every 3 minutes while the
Retriever was in place and were monitored after perma-
nent stent grafting until the next day.
Results
Twenty-one aneurysms were detected in the de-
scending aorta in 16 patients. They were located on
the distal (T-8 to T-11) and middle (T-6 to T-9)
segment of the descending aorta in 12 and five
patients, respectively. Two isolated aneurysms
(proximal and distal descending) and three isolated
aneurysms (proximal, middle, and distal) were ob-
Fig. 3. Self-expanding Z stents covered with ultrathin
woven polyester fabric graft.
Fig. 4. No changes in amplitude and latency of ESCP
records were observed before and during Retriever place-
ment in patient 2. BP, Mean systemic arterial pressure in
millimeters of mercury.
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served in three patients and one patient, respectively.
An 18F delivery sheath was inserted at the femoral
artery cutdown and introduced into the aorta, and
extending both above and below it, by the tug of wire
guiding technique in all patients. The Retriever was
placed temporarily for at least 20 minutes in 17
aneurysms (12 distal, five middle of the descending
aorta). Angiograms taken immediately after Retriever
placement revealed delayed minor perigraft leakage.
In six aneurysms more than 80 mm in length, the
Retriever was placed at three consecutive and imme-
diately adjacent sites (proximal neck, aneurysm, distal
neck) to overcome lack of effective graft length for
interruption of the intercostal arteries. Whether patent
intercostals were present and covered by the Retriever
was unclear.
ESCP monitoring was successfully carried out in
all patients. There were narrow fluctuations in am-
plitude of ESCP within 5% of the initial level, but no
delay in latency from measurements taken every 3
minutes during approximately 20 minutes of Re-
triever placement with respect to the preinsertion
baseline value (Fig. 4).
After withdrawal of the Retriever, the permanent
stent graft was successfully deployed in all aneu-
rysms. The length of the stent graft was decided
according to that of the aneurysm, including its
necks, measured by preoperative digital subtraction
angiography and contrast-enhanced computed to-
mographic scan, and consequently varied from 50 to
175 mm (85 mm on average). All aneurysms located
not only in the middle and distal but also proximal
descending aorta were excluded immediately after
stent grafting (Table I). The amplitude of ESCP
decreased by more than 30% of the initial level
when mean systemic arterial pressure was intention-
ally lowered below 70 mm Hg to reduce migration of
stent graft during its expansion (Fig. 5). There were
no changes in ESCP from deployment of the per-
manent stent graft through the next day in all
patients.
No endoleaks were revealed within aneurysms by
postoperative digital subtraction angiography (Fig.
6) or enhanced computed tomography (Fig. 7).
There were no neurologic deficits after patients
awakened from anesthesia nor were there fatal
complications related to the procedure during the
follow-up period in any patient (Table I).
Table I. Configuration of aneurysms, ESCP changes during Retriever placement, and postoperative results
Patient No. Age (yr)
Thoracic aneurysm
type and location ESCP change*
Stent graft
Neurologic
deficits PrognosisLength (mm) Leak
Nondissecting
1 71 Distal (T9-T10) None 50 None None Good
2 58 Distal (T8-T10 None 75 None None Good
3 66 Distal (T9-T11) None 125 None None Good
4 62 Distal (T9-T11) None 100 None None Good
5 70 Middle (T6-T9) None 175 None None Good
6 63 Proximal — 50 None
Distal (T10-T11) None 75 None None Good
7 50 Proximal — 100 None
Middle (T6-T8) None 75 None None Good
Distal (T9-T10) None 50 None
8 77 Distal (T9-T10) None 75 None None Good
9 74 Proximal — 75 None
Distal (T8-T10) None 100 None None Good
10 66 Distal (T8-T10) None 100 None None Good
11 71 Proximal 75
Distal (T9-T10) None 75 None None Good
Dissecting (Stanford B)
12 59 Middle (T7-T8)† None 75 None None Good
13 76 Distal (T7-T10)† None 125 None None Good
14 64 Distal (T8-T9)† None 75 None None Good
15 60 Middle (T6-T8)† None 75 None None Good
16 34 Middle (T7-T8)‡ None 50 None None Good
*Change in ESCP during temporary deployment of retrievable stent graft.
†Ulcerlike projection.
‡Entry.
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Discussion
Paraplegia is a serious complication encountered
in aortic operations. The risk of ischemic spinal cord
injury is higher for patients with thoracic aortic
aneurysm who require replacement of a long seg-
ment of the descending thoracic aorta or prolonged
aortic crossclamp time. The arteries of Adamkiewicz
(the great radicular arteries) frequently (in approx-
imately 81% of cases) originate from an intercostal
branch between T-8 and L-2 and provide the major
blood flow to the anterior spinal artery in the region
of the distal spinal cord.8 Prolonged interruption of
blood supply to this branch may result in spinal cord
ischemia and irreversible paraplegia. Despite vari-
ous measures for intraoperative spinal cord protec-
tion, including cerebrospinal fluid drainage, sys-
temic deep hypothermia, distal aortic perfusion with
partial bypass, or reattachment of the critical inter-
costal arteries, the incidence of spinal cord injury
was 4.5% to 21% among patients with descending
thoracic or thoracoabdominal aortic aneurysm.9, 10
Concerning endovascular stent graft repair of
thoracic aortic aneurysm, it is possible that stent
graft deployment could induce interruption of the
blood flow in critical intercostal arteries originating
from the descending aorta, especially in the middle
or distal segment (T-8 or below), including the
aneurysmal region and its proximal and distal necks.
It is therefore essential to determine the critical
arteries precisely and avoid occlusion of blood flow
to reduce the risk of spinal cord ischemia. Detection
of the critical segmental arteries has been per-
Fig. 5. In patient 2, amplitude of ESCP decreased to 40%
of initial level when mean systemic arterial pressure (BP)
was decreased below 70 mm Hg for 6 minutes, then
recovered. There were no changes in ESCP after deploy-
ment of permanent stent graft.
Fig. 6. Digital subtraction angiography of aneurysm ex-
cluded by stent graft deployment in patient 2.
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formed by preoperative selective angiography11 or
intraoperative injection of a hydrogen-saturated sa-
line solution marker.12 However, it is difficult to
prove deterioration of spinal cord ischemia by these
morphologic examinations. Somatosensory evoked
potentials13 and ESCP14 have been reported to be
reliable methods for the detection of ischemia actu-
ally occurring in the spinal cord, although motor
system disturbance is not sensitively reflected by
either method.
In this study a predeployment test with a novel
retrievable stent graft, the Retriever, was performed
to detect spinal cord ischemia by temporary inter-
ruption of blood flow into the intercostal arteries
and the aneurysmal sac, which would be perma-
nently covered with the stent graft later. It was easy
to introduce the Retriever into the descending aorta
through an 18F sheath and allow it to expand in the
target region. Withdrawal of the Retriever was
successfully performed in all cases. There was no
change in ESCP during the predeployment test
except for narrow fluctuation in amplitude. De-
crease in ESCP amplitude indicates spinal cord
ischemia, regardless of whether the latency is de-
layed.15 The ESCP amplitude decreased by more
than 30% of the initial levels when the mean sys-
temic arterial pressure decreased below 70 mm Hg
and then increased even if the stent graft was not yet
deployed in the aorta. A change in ESCP amplitude
indicated a decrease in arterial pressure to the
critical ischemic level. These results indicate that
ESCP is a sensitive and reliable monitor of ischemia
in the spinal cord. Although minor leakage was
observed at both ends of the Retriever because the
expanded PTFE sheet that lines the stent frame did
not adhere completely to the aortic wall, extreme
delay in filling of the aneurysm with contrast me-
dium on angiography would suggest that decom-
pression of the aneurysm and interruption of the
intercostal arteries induced spinal cord ischemia of a
degree that could be detected precisely by ESCP
monitoring.
There has been no accurate analysis of complica-
tions related to neurologic deficits observed in stent
graft aneurysm repair because the amount of clinical
experience of stent grafting in the thoracic aorta is
still limited. In the Stanford study reported in 1996,
Mitchell and associates5 stated that paraplegia ob-
served in two (5%) of 39 patients was not caused by
interruption of the critical intercostal artery but by
distal hypoperfusion or atheroembolism during
stent grafting. In this study, however, patients with
aneurysm extending over the critical intercostal ar-
teries were excluded from the indications of stent
graft repair. On the contrary, our report describes
49 cases with thoracic aortic aneurysm, including 16
critical cases (33%) in which the aneurysm was
partially or entirely located between T-8 and T-11,
where the Adamkiewicz great radicular artery fre-
quently originates.8 The ratio of patients at critical
risk of spinal cord ischemia in this series seems
sufficiently high to suggest a high rate of possibility
of paraplegia after stent graft–induced spinal cord
ischemia, and the Stanford experience and that of
Borst and coworkers9 suggest that this serious com-
plication would probably have occurred in at least
Fig. 7. A, Enhanced computed tomography before stent graft deployment in patient 2. B, After placement
of stent graft, no endoleaks were confirmed in the aneurysm.
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one patient in this series. Consequently, it is note-
worthy that there was no paraplegia caused by
permanent stent graft placement in this study, sug-
gesting the possible reliability of the predeployment
test by the retrievable stent graft under ESCP
monitoring for the detection of any ischemic change
caused by stent grafting. If complete disappearance
of ESCP or a significant decrease in amplitude
(.30% of the initial level) is observed during the
predeployment test, surgical aneurysm repair with
reattachment of the critical intercostal arteries
rather than endovascular stent grafting is manda-
tory. Of course, further experience with more cases
is necessary before meaningful statistics can be
generated.
Although induction distal thromboembolism
could be almost completely avoided by application
of our tug of wire technique in which the catheter is
advanced into the tortuous and sclerotic arteries
over the guide wire, the risk of atheroembolism in
the critical arteries that supply blood flow to the
spinal cord, with resulting paraplegia, still remains
to a certain degree because of the expansion and
retraction of the Retriever. Development of a re-
movable stent graft for permanent use would there-
fore help eliminate the risk of endoluminal lacera-
tion of the aorta without the necessity of our
predeployment test.
Only when the risk of neurologic complications
has been reduced to negligible proportions will
endovascular stent grafting truly be recognized as a
valid catheter-based minimally invasive surgical
strategy for thoracic aortic aneurysms. Further in-
vestigation is necessary to clarify graft durability,
aneurysmal neck enlargement, and the fate of the
excluded aneurysm sac for long follow-up periods.
We are indebted to Professor J. Patrick Barron of the
International Medical Language Center of Tokyo Medical
College for his review of the manuscript.
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